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o 15 torre In the majority of cusos the use of mpos sonsitive to gus

stions are wmore aiPriends 47 the tost gas is o condensible
thds type gas. The ealilomtion of gages in o condennible gas can be
hed by the use of & gage thet 15 insensitive 4o gaa composition
vindeh has been calibrased by & Moleod gage using o nomeondensible
In this case the gage that i» inssusitive Lo gas compoaition mcts &8 &
3n s typloal ywocedure the trenefer standamd is
gadost & Meleod uod the gage 40 be used is then wlibreted
standards vere selacted 0 cover the 107 to 15 terr renge.
Because of its wide use in Flight and fucllity work, the gage chosen
for calibration was e themmlecondustivity-type vacum gage aystemt,
The outpud of this thepmleconductivity gage 'is not o lincer funetdon of
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pagions. The first roglon is & pressure reuge in which theve are enough

B= xR (1)

s surfsce of wnlt axes 4o plased between two plstes, then the medber

Ty W%ﬁ? {e)

5 The encvgy eb statimn X
{z =0 taken et the wilt sarincs) for positive x ig

E{a}aﬁg*xg

the average enorgy yor molecule timt crosses the swrface in ¢he posibive

ead ivonhion &3
e (3)

Since E, is fissdst x=0 ool § 15 constant thea

A dovivstion of T, 45 given by Kenmmed
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however, 1f vo sagume thet the mesn frée puth i not & funetlion of speed

§u§& {5}

Using the value of ¥ in egustion {5) and the chadn rule of ddffevention
eguation (&) bevones
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LI dan mw‘* shows that

o= Gl

In order to correct for malecwlar eollisions, vibeabiconl, snd rototicnal
engrgy of camplex molecules, & comsbant is needed which ia derdved by

=2 B



It can be soen from equetion (6) that the net heat trensfer is independen
Gf }|§i?‘ﬂﬂmﬂﬁ‘ 0"'—‘?’}1?' v i Ty g e R iz} m {6) m t@

oy oy Y
@R = m
widch 18 the well-lmoun soeffician srual conductivity,
The second reglon is A pressure range in which the gus botwesn the
molecwles of velogity v mmﬁtmmmﬁmw
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which is idemtical to eguation (8); in conseguance

wdt area per unit time for the second yeglon is
o5
aaﬁ

If ve asoume the encrgy of the molecule adjusts to that of the surface, then

2 T, 2
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1f the enorgy does not adjunt, then a correction factor must be ineluded.
This comstant "a® i@ called the thormal accomnolation coeflicient, Then

° 48 = a%)u?@&%f%r (9)

vhere the slops is
Y20
8= u(%g) (%_ (10)

It can be swen from eguation (9) that there is @ linear velation betwesn
heat transfer and prossurs.

The thixrd region is & trmailion pressure yange that axists betwesn
the first end sscond veglons. Ho successful abtempt at & theopetical
treatment has been mede for this reglon because of the difficulties tnvolved
in defining the tvansition. The net flux is usually represented by fitting
» smooth curve taken fyom the experimentul date between the first and
gecond reglons. Since this is the region in which the thermal conductivity
gage opexates with moximm semeitivity, the need for an experimental method
of calibration becomes readily apparent.

I eurves for the first tvo regions eve given in figure 1.
Bince no adequate theory of the third reglon exists, the experimental data
for this vegion are aleo given.




Region 11 Region IIX Region I
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Heat flux

Pressure

Figure 1.- The three theoretical regions of thermal conductivity
for low pressures.



The equipmemt consiets of & highevecumn pumping eystom; & Melaod
as the trencfer standards; and the gas-sensd
gage system,

A ghuniard vacwm systen’ containing & 2eineh oll-iiffusion pump

mewm»,mmmw"tm

range. This system (figs. 2 and 3} con cover a worksble pressure renge
of 10°7 to 17 tory, with an ulbivats pressure for outgassing of 10°7 tore.
Apn sir Gryer and & merewy Holeod gage are fncluded in order to complete
the gystem as & calibration undt, The system is probected fvem the
Moleod gage mercury vepor by & liguideniirogen cold treap, Bulisble

naving one gquadretic scale from 3 x 10°7 to 1 torr, and three linser
sonles eovering the range of 0u3 to 1.6 torr, 0.8 to 5.0 tore, sud 3.5 to
170 tore.

In opder to read trus preseure in a test gas enviromn

:g:':n' “ m

These gages allowed opersbing renges of 5 to 30 tory, 0.1 to
5 tory, aad 0,001 $0 04125 tory, regpectively. The gages use & thin matel

0
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Figure 2.- Block diagram of the calibration unit.
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diaphregn which move with & change in pressure, unbalancing an Gec
bridge and giving an output that was proportions

The opevetion of the thezwalecondus
changes in thermal conductivity of residusl gnses in & vacumm. The noble
metal thermocouples, vhich are directly hoated by o 20«ke power supply,
are cooled by an smount vhich veardes with the pressure of these ghses.
The output is & function of the temperature of the thermoplle and 1s

& sondrol wnit, 8 thermoplls

pige tube; o low pass PAlber asd & dec
beating voltage. It recelves its power from & highly regulated 28.volt
hewrie presure. The outpub of the gage tube is reburned
theough the balance elrouit in the combrol anit. The low pass £ilter was
used to filter out the residusl 20ekc heater valtege appearing on the
d=c oubpub. The dec amplifier wae used to give an oubput of approcimetely
5 volts below 10™ torr sud 0.5 volt at atmospheric pressure
gonduchkivity gage bas an opesting range of 0,010 to 10 tory 4n ale.
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Figure 5.- Electrical block diagram for the thermal conductivity

THERMAL COWDUCTIVITY
GAGE |
POWER SUPPLY POWER SUPPLY
28 v d-c CONTROL UNIT
LOW PASS
FILTER

AMPLIFIER
POWER  SUPPLY AMPLIFIER

28 v d-c

OUTPUT 5-0.5 v

PROPORTIONAL TD PRESSURE

gage system.
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xidg vapor, and the practical applicstic
cupsion will be glven for each purt.

A systen (fig. 6) wis designed to compare veter-vepor and deyeair
sround the calibration wnit and conteined & oylinder of watey, the O350 torr
the gas-genaitive theroaleson

With valve 2 closed and valve 1 open, & calibretion of the resistance

ducar (fig. 7) and the themmalecondurbivity gage {fig. B)
in dzy alr wms mede by using the Meleod gage as the stendaxd. To calibrate
4he themal-conductivity gage in water vapor, s mechaniesl pwmp, through
wlve 3, mwwlmﬁwmmmmmwam
prepsures Sufflclent puping bine wes allowved to insure that all the
above the cylinder vae alloved o rise to it liguidevepor eguilitediun.
After cutgaseing the gage st 10°7 torr, & mmber of date polsts were taken
by blseding water vepoyr into the gages through valve 8. Using the diaphregn
transducer a8 o tronsfer gstandsrd; the ouwbput of the
gage vas then campared to pregsure. This calibration (figs 8) is Aleplayed

16
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. J VACUUM N
DRY AIR @ CALIBRATION WE: EEOD
INBLEED VALVE UNIT
C% VALVE 1
RESISTANCE
STRAIN GAGE ‘ Q GAGE TUBE
PRESSURE TRANSDUCER ‘
S U
-
w VALVE 2
VALVE 3

H,0

Figure 6.- Water vapor calibration system.
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on the same $igure as the dry-alr calibistion to show a conpariso
the two gaoes. A plot of trup pressure versus indlested pressure {(fg. 9)
was made from Plgwre 8 for water vagor, using dvy alr as & standaxd.

o

In arder to yun vatersvapor calibestions 1t was necegsary to take
extreme core in maisnteloing o constant temperature in the ewnkive vaduun
system. Any small decvesse In teanpereture can cagse & condensablon of the
wter into its liguld form.

Calibrations in weter vepor wers mede fras 17 to 0.5 torr. Frow the
indicatedstrus pressure curves, it cén be seen that the pensitivity of the
range assuning dry aly as the standards |

m wabke ¥ od W v §

0.3
1.0
30
65 0
8.0 -2

It can be soen thet Tor water vepor at 0.3 torr there will be an errvaor of
+5% percent and at 8 Horr an eyror of «32 percent, sz ciloulated frem the
folloving relstion:




True pressure, Lorr
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Figure 9.- True versus indicated pressure curves for the thermal

conductivity system.
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ae

These calibrations also show & crossover ot 6.5 tory whove the sensitivity
X0 the gas constants for alr apd veler vapor are substituted |
idon (6), the net heat finx can be calewlated o the sree in viish

is the seme for air énd weter wapor, then & comparisor
tm W @z m DRSSO

Type

Batio of
gpecific
heats, 7

velght, M

1.4
.32

L

28
18
50

Ny » Avogadro's nuber » 6.021 x 102 CrErBe
b » 83415 x 396 BeBaBe

T, = Tempersture of the themmapdle in region I

Fet heat flwx in vegion I
{from eguation {6))

3,89 x 10”7 grad T
3463 x 107 gred T

Gaa

Aly
Water vapor




Region II | Regiom III Region I

Air = 3.89 x 10”2 grad T

7
// _ | Water = 3.63 X 10"5 grad T
— ’/—_ -

A
] / |
d / ‘5\
i /

5 / 10

& Slope = 13.6 x

&? “'329

Slape = 10.9 x 109 ayy,.

Pressure

It can be geen from this Pigwre that the net heat flux in reglou L is
nigher for air than for water vapor sud thet the slape in region IX

than 10.9/13.9 for air) 1s smller for air then for vater vapors 1f these
arsas aye eonnected by & mh eurve, as expariment

Acetanide CH3CONHp

Fwemﬂmﬁmb%vm'.wmm,mmiw 10)
was modified to contain & varisble capacitance gage a8 the trmnsfer standsrd.
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DRY AIR ®_______‘_‘_:1 VACUUM MERCURY
INBLEED VALVE CALIBRATION \¢ LEOD
UNIT
= |
VALVE 2 (>Q (}Q VALVE 1
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] GAGE TUBE
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Figure 10.- Acetamide vapor calibration system.
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Bince the sawple side contained the capscitance plates, it was necessary
to reverse the sides for these tests before calibration in acotemide. For
the vest of the report sll reference to these sides vill be opposite to
that recomwnded by the manufmcturer.
To begin the test procedure the tranafer standard ves calibretod
against the Melsod in dry alr. %he acstamide was cwred in » vacuum oven
at 80° ¢ for a period of 48 hours and then vas placed in en ewmcumted
beuber for 24 howrs by pumping through valve 4 with valve 3 elosed {(figs 10).
This wes done to insure as pure an acetanide vapor as possitle. With
valve 2 open and valves 1 and 3 closed (fig. 10), the pressure was yalsed
with dry air in the reference side of the gage to 0.150 torr. Valwe 2 ws
then closed and dry air was bled in through valve 1 in 0.025 tarr stepss
The ouwtputs from the miermmancmeter balance civenit and the thermsle
conductivity gage were recorded to give 8 dryealr calitwetivn of cubput
vorsus pressure for both gages. The pressure in the chanber {fig« 10} wes
reduced through valve b and acetamide vapor was bled into the gages through
valve 3 in 0.027 tory steps &8 Getemined by the ¢alibrated micromssometar
ofurtivity gage output was then recorded. All date for the
acetamide vapor portion are recorded in the following table:;




mbly ascurate, it followed that the vesmsons Por the simdlarity

The folloving 4 offered s o Aiwly saplanation: The gage tude
wide in the pressure renge in which the dats were talen. The septnd yeglon,
therefore, 48 chosen 4o caloulate the dots. Xt 18 cbvious fyom sguation {10)
ﬁmmmmmmmmmmmwmm
that the thermal sccommodation eveffictent s the same, which would mmles
howevar, 18 not the csse. A nuvber of fuctors con ascount foor thls discreps
mﬁa&ﬁmwmammwmmwwm Bavond,

nojeclar wedght. It ip the opindon of the suthor thet this incvesse fn
" for scetamide odde vapor eslibration jJust
nee in the asymptobe of the gege.




Procadure
In oxder to show the applicability of the method o » paytiouiay
typheal bub are shown to ghve saws J8e8 of tHe cowe
choose & physical smll gage for messuring the pressure in the Boho canister,
The gage chosen wes & thermlsconductivity gege end o taensfer standard was
used in order to glve true Pressure in the unknown vapor envivonsent of
tion meterial, and since the caniebur could nob be baked, the pressuce of

%Mmmmmmim 11 and 12) on the oaiibestion
unit, Siove the tesis involved & mubar of days in vhich the

and balance the gage at the same tiue, a valving system was duslgned.

two gages und the valving systen (fig. 13) were moved to the cantster sud

the entive systen wes evacuated to 0.2 torys The system bhad e pressure rise
mately 0.2 torr/day, and it ves nob Muown 17 this wes csmsed by
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tensping. It was, therefore, necesssry to pexfam two
sanister wao alloved to rise in pressure and date points vere taken for
7 duys. This gave & callbtwetion of the thermleconductivity guge using
o ghge 88 8 standard. This curve, called the oubgsssing
then calibrated in the casister by bleeding in air. Tihds i» shown in
the error due to gos composilion & true prossure veeme indiceted pressure
curve was plotbed using dry air us o ctandard {1z, M4). This Sguwe cone

Tt can be ssen from figure 1b thet theve i very 1ittle diffirence
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Figure 1k.- True versus indicated pressure curves for the Echo II canister.
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Tt con be seen fron this table Hhab that eryur varles from 6 $20 pevoeut
srpoy uk D3 torr to 3 0 pereent arvar &b 6.5 bowe Mo theopetisel
appronch vill be taken in tils seotion sface the wnkiows ghs 18 & oo




An investigation of the effects of coondensible vapor wis msde using
dry air, water vapor, end scetasdde vapor. The results were coujaved to
the theory of thermal conductivity as a transport phenomenon in kinetic
theory of gases. In couparing water vapor and dry eir, & cvossover
sccurred et approximetely 6.5 torr. This crossover vas guantitetively
W&MW&WW&Q%&MWMWW
transport condition in the theory. The effects of acetamide vapor were
minimized becsuse of ite low vepor pressure equilibrium st room temperes
ture. These results were explained in the rarifiecd gas condition. The
application in the Echo II canister indicated apprecisble error and the
presence of water vepors The dats given in thls report show sigmdficant
differences for various gas campositicns.
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